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ABSTRACT 
During the last two decades, the United Arab Emirates (U.A.E), similar to other 
Arabian Gulf countries, witnessed rapid development in many aspects of life. Although 
these developments have improved the quality of life in the UAE, they have drawbacks 
that generated health problems and environmental hazards. One of the consequences 
of rapid development is the usage of large amounts of pesticides in agricultural 
production for the sake of increasing the yield of crops. However, the expanded use of 
these pesticides is known to result in acute respiratory symptoms and changes in body 
metabolism. To-date, no population-based study has been conducted to investigate the 
effects of pesticides on plasma amino acids and l iver enzyme levels in farm workers in 
the UAE in order to compare that with the published international studies. 
The aim of this study is to determine the effect of pesticides on farm workers, to 
assess pesticide exposure, and to identify possible risk factors associated with pesticide 
conditions which cause adverse health effects. Additionally, the effects of pesticides on 
plasma amino acid levels as well as the levels of l iver enzymes have investigated 
among farmers and non-farmers in the UAE. The results were compared with other 
available published studies. 
This study was based on a matched case-control study of the pesticide exposed and 
non-exposed subjects selected from the City of Al-Ain, and the Emirates of Dubai, 
ill 
Sharjah, and Fujairah which would be representative of the UA.E population. The 
study subjects consisted of 1 03 cases and 1 05 controls, matched for age, sex and 
nationality The study was conducted during May through June of 1 997. 
The study was conducted into two parts, namely: 
a) An epidemiological study: Case-Control study; b) Laboratory analysis of 
plasma amino acids and serum l iver enzymes for cases and controls .  
The socio-demographic characteristics of farmers and non-farmers were similar among 
the population surveyed. Most of the farmers were not certain about pesticide 
exposures. Both groups, farmers and non-farmers were demographically similar with 
regards to age groups, nationality and marital status. The majority of farmers (6 1 .2%) 
were i l l iterate, which was the expected result .  The majority of non-farmers were 
educated with secondary or high school educational certificates. Most farm workers 
were not aware of the type of pesticides they might have been exposed. 
The exposure to pesticide usage among farmers and non-farmers was investigated. 
The majority of farmers reported using boots as the main method of protection, but 
the majority of them were not using masks and gloves during spraying. The majority 
of farmers reported different cl inical symptoms. It was observed that diarrhea and 
cough were most common symptoms prevalent among farmers. Also, other symptoms, 
such as, nausea/vomiting, red/irritated eyefblurred vision, increased anxiety, dizziness, 
fatigue, headache, attacks of breathlessness. Also reported were sinus infection, throat 
discomfort, chestwheezing and asthma. 
We have investigated plasma amino acid profiles among farmers and non-fanners. 
Most plasma amino acid tests showed higher values among farmers than non-fanners. 
There were statistically very highly significant differences between two groups with 
respect to concentration of some amino acids in plasma as can be seen as follows: 
essential amino acids such as, Histidine, Threonine, Lysine and Tryptophan, and non­
essential amino acids, such as, Taurine, Serine, Glutamic acid, Arginine, Glycine, and 
Ornithine. 
Liver function tests were performed on fanners and non-fanners. Similar values of 
Total Protein, Albumin, Total Bi l irubin, Aspartate transferase, Alanine Transferase and 
Alkaline Phosphatase were obtained from farmers and non-farmers. There were no any 
statistical ly significant differences between fanners cases and non-fanners except for 
Lactate Dehydrogenase in farmers (3 73 .20 ± 86 .74 uIl, Mean ± S .D); versus in non­
farmers (340.72 ± 87 .49 uIl, Mean ± S .D), (p = 0. 0 1 0) .  
Many farm workers reported occupational exposure to pesticides. One type of 
exposure derives from the application of pesticides as 60% of farm workers reported 
being involved with spraying crops directly with pesticides or working immediately 
adjacent to rig, 70% of the subjects reported working in fields with an obvious 
chemical smell, and 60% of them reported mixing pesticides. 
The realities of agricultural working context, the lack of legal protections and severe 
weaknesses in the existing laws, combined with the toxic pesticides that are ubiquitous 
in the farming environment, make agricultural work especially hazardous. 
The public health task is clear. Not only must more resources and priorites be given to 
biological monitoring and epidemiological studies of farmers, but also support should 
be given to the efforts of farmers and farm workers to make their workplace safer. 
Overall, we hope that our data will be useful for the establishment of an occupational 
exposure limit to the pesticide in the future. 
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Cholinesterase is the enzyme of the nervous system, responsible for transmitting an 
impulse by acetylcholine through a synapse along the axon to a neuron or a muscle , 
gland or sensory receptor cel l .  Then, the impulse is destroyed by the enzyme, 
Cholinesterase, so that the synapse is cleared for another transmission (Hassal l .  1 990). 
Exposure to cholinesterase-inhibiting pesticides, such as, organophosphates and 
carbamates, prevents it from clearing away the acetylcholine transmitter and in effect 
the electric transmission circuits jam because of the accumulation of acetylcholine. This 
is considered to be a major public health problem for farm workers in Western 
countries, especially in the United States (Kahn, 1 976; Coye, 1 985 ;  Moses, 1 989; 
McConnell, 1 990; Ciesielski et aI, 1 994). 
Cli nical manifestations of such exposure are extremely diverse (Wil ls, 1 972; Namba, 
1 97 1 ;  Midtling et aI, 1 985) .  Long-term exposure has been implicated in several types 
of cancers, teratogenic effects, sterility, spontaneous abortion and cognitive deficits 
(Rodnitzky et ai, 1 975; Moses, 1 989). Major poisoning among farm workers is fairly 
well characterized, but the health effects of repeated smaller exposures are uncertain .  
Previous studies revealed depressed cholinesterase levels in farm workers (Bogden et 
ai, 1 975 ;  Quinones et aI, 1 976; Richards et ai, 1 983 ;  Wicker et ai, 1 975), but the 
pathophysiological significance of this i nvestigation remains unclear. However these 
studies were l imited by small sample size and inadequate comparison groups. Toxic 
chemicals in the form of pesticides have been invaluable in controlling pests that attack 
food crops and transmit infections to humans. Interactions with other health risks in 
farm workers may not only complicate diagnosis and study but also place farm workers 
at greater risks. For example, dermatoses increase absorption of pesticides and 
dehydration and poor nutritions increase their toxic effects (Ciesielski et ai, 1 994). 
In the developed and the developing countries the usage of pesticides is increasing 
substantially in agriculture, leading to increased crop yields. However, the expanded 
use of such pesticides expectedly results in residues in foods. This has great differences 
in mode of action, uptake by the body, metabolism, elimination from the body and 
toxicity to humans (Al-Saleh, 1 994). 
Also, the pest icides used by public health personnel, individual home owners and 
gardeners to control insect vectors of human diseases, such as African sleeping sickness 
by tsetse flies, hemorrhagic fevers by several mites and ticks, malaria by anopheles 
mosquitoes, Q-fever by ticks and yellow fever by several mosquitoes must be 
considered. Such substances are also used in mixtures for swimming pool algae control, 
slimes and mildews that grow on shower curtains and under the rims of sinks, to 
control moths that eat woolens and they are used in dry cleaning processes for rugs and 
other fabrics (Hassall, 1 990; Ware et ai, 1 983 ;  Murphy, 1 986). 
Organophosphate and carbamate pesticides affect non-target species in more than one 
way. Acute (mild) exposure causes fatigue, headache, dizziness, blurred vision, 
excessive sweating, nausea/vomiting, stomach cramps and diarrhea. Acute (moderate to 
severe) exposure causes weakness, fasciculations, dyspnoea, unconsciousness, ataxia 
2 
and miosis. Chronic exposure causes fatigue, headache, drowsiness, insomnia, 
disturbances of concentration and memory and anxiety (Jeyaratam, 1 992). In July 1 985 ,  
severe il lness occurred in more than 1 300 people in the Western United States after 
they had eaten watermelons treated with aldicarb (Lang, 1 993).  They had suffered from 
nausea, vomiting, diarrhea, involuntary muscle contraction, mood changes and other 
symptoms of chol inergic toxicity. 
The only available report on amino acid levels in subjects exposed to organochlorine 
and phosphorous pesticides was made in the Union of Soviet Socialist Republics 
(USSR) by Gudumak et ai, ( 1 994). Investigators reported marked increases in blood 
serum levels of serine, glutamine, glycine, alanine, valine, isoleucine, tyrosine and 
phenylalanine and marked decreases in cysteine in rats exposed to individual 
compounds. In Turkye was done an experiment on some pesticides such as Pomarsol, 
Benlate Meothrin, Imperator affected the levels of enzymes produced by liver. These 
pesticides are causing a 50 % reduction on the level of human Glutamic Oxoacetatic 
Transaminase (GOT) enzyme activity at dose level 50 % of toxin (Celik et aI, 1 996). 
Several authors have reported in India the cases of poisoning from methomyI. Typical 
manifestations of cholinesterase inhibition include nausea, lacrimation, salivation, 
vomiting and abdominal pain. Short-term exposure causes a decrease in plasma 
cholinesterase and a rise in serum Lactate Dehydrogenase (LDH) levels in human but 
no effect on serum Glutamic Oxoacetic Transaminase (SGOT) or Red Blood CeU 
(RBC) cholinesterase activity (Saieyed et al , 1 992). 
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During 25 years, the United Arab Emirates (U.A.E), l ike other Arabian Gulf countries , 
has witnessed a rapid development in many aspects of life. Most of the U.A.E nationals 
have now moved from rural to urban residential areas and practice the western style of 
l ife. As a result of increasing development and modernization, parallel health problems 
have also increased. The epidemiological transition phenomenon has been well 
identified in many Middle Eastern countries including the U.A.E.  (Bener et ai, 1 996). 
The developments in socio-economics and health in these countries have played an 
important role in both increasing the l ife expectancy and popularizing the life style 
associated with respiratory symptoms and occupational il lness as potential risk factors 
in the work environment (Bener et aI, 1 997). However, there has been no clear strategy 
to prevent the occurrence these diseases in the UAE community. 
So far, there is no information or population-based studies conducted to define the 
important epidemiological characteristics of the effect of pesticides on plasma levels of 
amino acids and serum levels of l iver enzymes in farm workers and no attempt made to 
correlate the published data with the data collected from epidemiological surveys of 
farm workers in United Arab Emirates (UAE). 
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1.2. Pesticides 
Pesticides are chemical substances used to kill or control pests in agricultural and non­
agricultural situations. Pests could include insects, mites, weeds, rodents, snails, slugs, 
fungi, bacteria and viruses. 
1 .2 . 1 .  Historical Background 
The earliest record of the use of pesticides i s  by Homer, the Greek poet, who referred 
to the burning of sulfur for fumigation of homes in about 1 000 Be (Ware et ai, 1 983) .  
Between 1 800 and 1 825 the effective materials were found to be such as  pyrethrum, 
lime and sulfur combination, arsenic, sulfur, mercuric chloride and soap. Also between 
1 826 and 1 943 some chemical components such as rotenone, lead arsenate, 
phosphorous, nicotine, ethyle chloride, organophosphate, dinitrophenol and 
dithiocarbamate were used (Ware et aI, 1 983) .  
Only in very recent years, particularly following the creation of the United States 
Environmental Protect Agency (EPA) in 1 970, data requirements for pesticide 
registration have detai led some of the long range effects of certain pesticidal chemicals 
on the environment and on non-target organisms including human beings. In 1 972, EPA 
prevented the use of Dinitrodiphenyltrichloroethane [DDT] on all food sources in the 
United States. In 1 980, US manufactures produced 660 million kg of synthetic organic 
pesticides. About 530 million kg of pesticides were used in the production of food, 
clothing and durable goods for more than 270 million persons l iving in the United 
States. Thus US pesticide exports increased from 1 84 million kg in 1 970 to 335  million 
5 
kg in 1980, while the imports of synthetic pesticides increased seven fold during that 
same period (Ware et aI, 1983). 
1 .2.2. Classification and uses of Pesticides 
Pesticides are constituted of a wide range of compounds used in pest control . For 
instances acaricide kills mites, algicide kills algae, avicide kills birds, bactericide kills 
bacteria fungicide kills fungi, herbicide kills weeds, insecticide kills insects, larvicide 
kil ls larvae, miticide kills mites molluscicide kills snails, nematicide kills nematodes, 
ovicide destroys eggs and slugs, pediculicide kills lice, piscicide kills fish, predicide kills 
predators rodenticide kills rodents, silvicide kills tress, slimicide kills slimes and 
timiticide kil ls termites and brush (Last, 1980 ; Ware et aI, 1983) .  
There are other chemicals classified as pesticides such as :  Attractants (attract insects), 
Chemosterilants (sterilize insects, birds and rodents), Defoliants (remove leaves), 
Desiccants (speed drying of plants), Disinfectants (destroy harmful microorganisms), 
Pheromones (attract insects or vertebrates), Repellents (repel insects, mites and ticks or 
vertebrates). The US Environmental Protection Agency (EPA) has registered more than 
2600 pesticide active ingredients, including 575 herbicides, 610 insecticides, 670 
fungicides and nematicides, 125 rodenticides and 630 disinfectants in 1980 (Ware et aI, 
1983) .  
1 .2.3. The Formulation of Pesticides 
Pesticides are formulated into many usable forms for satisfactory storage, effective on 
target, safety to the applicator and the environment, ease of application with available 
equipment, and for the economy (Ware et at., 1983) .  
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1 . 2.4. Appl ication condit ions 
Pesticides are formulated as liquids and solids. Some are stable to air and sunlight, the 
others are not, some are water soluble, some are oil soluble and others may be insoluble 
in either water or oi l .  The Common formulations of pesticides are : sprays for 
insecticides, herbicides and fungicides, water-soluble powders, wettable powders, 
emulsifiable concentrates, fogging concentrates, dusts for insecticides and fungicides, 
fertil izer combinations with herbicides, insecticides or fungicides, insect repellents and 
insect attractants (Ware et aI, 1 983) .  
1 .2.5. Toxicity 
Toxicity is used with reference to pesticides and other chemicals that affect living 
organisms such as humans, animals and plants. The lethal dose of toxicity is (LD50) 
expressed as milligram (mg) of toxicity per kilogram (kg) of body weight; the dose that 
kills 50 percent of the test animals, such as rat in the laboratory (Hassal l, 1 990). 
There are two types of pesticide poisoning: Acute toxicity and Chronic toxicity: 
a. Acute toxicity 
Acute toxicity represents a hazard in connection with acute short-term exposure. 
This can cause a disruption of biochemical or physiological systems (Hogstedt, 1 992). 
Classification of acute toxicity is  as follows: ( 1 )  National toxicity implies an 
environmental contamination consisting a disaster. (2) Individual toxicity suggests an 
accidental (occupational and non occupational) exposure while intentional exposure 
implies (homicide or suicide) (Jeyaratam, 1 992). 
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b Chronic toxicity 
Chronic toxicity is the long-tenn exposure that results from uptake of the 
chemical into the body at low doses, but has strong tendencies to bioaccumulation and 
represent a hazard . Chronic responses to various irritants include silicosis, lung cancer, 
brain damage and necrosis of the liver or kidneys (Barnes, 1 976; Hassal l, 1 990; 
Hogstedt, 1 992). Long-tenn exposure causes cancer, teratogenic effects, sterility, 
spontaneous abortion and cognitive deficits (Rodnitzky et aI, 1 975 and Moses, 1 989). 
1.2.6. Environmental Pesticide Exposure 
Pesticides are among the few toxic materials deliberately added to the environment . The 
use of pesticides in agriculture is a major source of exposure, which affect the general 
public health causing malignancies due to consumption of contaminated food by 
persistent pesticide residues. Most of them can not be removed by washing or cooking, 
e .g.  in 1 968 pesticides caused amass poisoning, result ing in il lness and death by eating 
foods contaminated by insecticides in Saudi Arabia (WHO 1 968; Brouwer et al., 
1 994). The disadvantage of pesticides is that they can be damaging to natural predators 
and releases into the environment causing potential hazards to consumers of edible 
crops from the residue present in food. They have been shown to affect adversely 
several human organs (Hayes and Laws, 1 99 1 ) . By the middle the 1 950s, evidence of 
widespread contamination of fish, birds and wildlife by pesticides was mounting 
(Moses, 1 989) .  
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EPA and other monitoring agencies throughout the world have shown that pesticide 
contaminat ion is global, including the snow caps of the highest mountains and core 
samples from the arctic ice pack. A recent Cal ifornia study showed that pesticides 
concentrate in fog (Glotfelty, 1987). 
Long term-exposure in the environment may have an effect on the population exposed 
to pesticides in several ways and depend on the routes of exposure. It can be by 
inhalation from air and dust, ingestion of pesticides from food and drinking water or 
absorbed through the skin via clothing and direct contact (WHO, 1979). 
Dinitrodiphenyltrichloroethane (DDT) was the most important insecticide used in 
cotton growing in the mid 1970, also l indane in 193 5 .  Contamination humans results in 
accumulation especially in fatty tissue, breast milk and kidneys but they are excreted 
quickly in the urine (Matolcy et aI, 1988). In the United States, high levels of breast 
milk contamination in women in the rural south of Northwest and Northeast Mississippi 
were reported (Barnet, 1979). Many pesticides can cross the placenta, and newborn 
infants are already contaminated at birth, (Moses, 1989). 
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The problem is in the application of pesticides where only 10 % to 15 % of the pesticide 
reaches the target and the remaining 85% to 90 % spreads to air, soil and water through 
drift, runoff and volatil ization (Matthews, 1982). However, the concern with most 
pesticides is that they do control pests but at the same time give potential toxicity to 
nontarget species including humans (Lang, 1993) 
1 .2.7.  The levels of hazard associa ted with pesticides 
The first level is due to the manufacture, transport, storage and dilution of concentrated 
products. The second level refers to hazards for agricultural workers, who mix and 
apply pesticide formulations to crops and load aircraft for aerial application. Also those 
who maintain sprays in machinery. Pumps may leak, contaminate the clothing and may 
not be properly cleaned at the end of the operation. The third level refers to hazards 
associated with the presence of pesticide residues in food at the time of consumption. 
But residues tend to be smal l and harmless, because they are separated in time and in 
space from their application. If residue levels over all are harmful, chronic toxic effects 
would be expected (Barnes, 1 976). 
1 .2.8. Nature of Toxic Effects of Pest ic ides 
The immediate toxic effect is related to the mode of action of pesticides on the target 
(Barnes, 1 976), and the most frequently mentioned pest icides is Methyle parathion. It is 
highly toxic and has caused substantial numbers of occupational poisoning in California 
(Kahn, 1 976), Japan (Namba, 1 971) and China (Corrales, 1 98 1 ) . It was also the most 
heavily used pesticide in Nicaragua in 1 984 (Cole et ai, 1 988) . 
Nicotine l indane dieldrin endrin, parathion and aldicarb cause an acute disturbance of , , , 
the nervous system. Thus they interfere with respiration. Dinitro-cresol and 
pentachlorophenol are known to have kil led people by oxidative phosphorylation in the 
tissues. Methyl and ethyl mercury fungicides cause a permanent injury to the nervous 
system, while carbon tetrachloride and methyl bromide produce poisoning, by damaging 
the kidney and the nervous system (Barnes, 1 976). 
to 
Pyrethrins were reported to cause less toxicity toward nontarget organisms, especially 
humans (Casida, 1 983 ;  Knox, 1 984). Pyrethrins are naturally occurring insecticides 
made from the flowers of the chrysanthemum plant by grinding the flowers to powders, 
but the synthetic forms of pyrethrins are pyrethroids and chlorophenoxy herbicides, and 
they are generally more potent in kill ing insects than the pyrethrins, that cause 
neurotoxic (Matolcy et aI, 1 988; Lang, 1 993) .  
Methylenedianiline has been reported to be responsible for hepatocellular injury and 
jaundice developing in Epping, England. It was found in the bread made from 
contaminated flour (Kopelman et aI, 1 966). Moreover these have been reports that 
methylenediani line causes a toxic hepatitis in workers occupationally through inhalation 
of methyl enediani line (McGill and Motto, 1 974). 
1 , 1 ,  I-trichloroethane is less toxicity but causes mild hepatic damage (Hodgson et ai, 
1 989). Organochlorine insecticides and organomercury fungicides are central nervous 
system stimulants. In toxic doses they cause aruciety, tremor, hyperexcitability 
convulsion and may result in death (Forget, 1 99 1 ), but they are less effective for vector 
control compared to the organophosphates and carbamate (Lagal, 1 993) .  Carbamates 
and Organophosphates are extremely toxi c  to acetyl choline. They destroy enzymes and 
can lead to both acute and chronic symptoms. Additionally, the subgroups of carbamate 
have a lower level of dermal toxicity than organophosphates, but aldicarb is as highly 
toxic both orally and dermally as the most toxic organophosphates (Hassal, 1 990; 
J eyaratam, 1 992). 
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1.2.9. Mode of action of carbamate and organophosphate 
Carbamate and organophosphate are inhibitors of cholinesterase, the enzyme of the 
nervous system, responsible for transmitting an impulse by acetylcholine through a 
synapse along the axon to a neuron or a muscle, gland or sensory receptor cell .  Then, 
the impulse is destroyed by the cholinesterase enzyme, so the synapse will be cleared 
for another transmission. The organophosphate and carbamate attaches to the enzyme 
cholinesterase and prevents it from clearing away the acetylcholine transmitter and in 
effect the electric transmission circuits jam because of the accumulation of 
acetylcholine. In mammals the accumulation of acetylcholine interferes with the 
neuromuscular junction, producing rapid twitcrung of muscles and result in paralysis 
and death to respiratory failure. The inhibition is caused by binding the phosphorus 
moiety of the organophosphate and the carbamyl moiety of the carbamate with the 
active sites of acetylcholine enzyme (AChE), the esteratic site on the amino acid serine 
and the remainder of the molecule bound to the anionic site (Ware et aI, 1 983 ;  Bogden 
et aI, 1 975). 
1.2.10. Symptoms of exposure to pesticides 
Symptoms of exposure to pesticides are classified according to their influence on 
human health into the following two categories: 
1 .  Acute health effects: In California, where acute pesticide poisoning is required to be 
reported, about 1 7.000 exposure incidents were reported in 1 987 .  30 to 60 % were 
symptomatic: neurotoxicity, skin disorder and pulmonary effects (Lang, 1 993) .  Also the 
World Health Organized (WHO) estimates that between 1 and 5 million cases of acute 
pesticide poisoning occur annually, in underdeveloped countries, because of the lack of 
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pesticide education, monitoring, unsafe equipment and wide use of extremely toxic 
agrichemicals (Lessenger et ai, 1 995). 
2. Chronic health effects: The chronic health effects do not occur immediately after 
exposure. They may occur in the long term and can cause carcinogenic, neurologic, 
reproductive, pulmonary, immunolgic and developmental effects. 
1 .2. 1 1 . Minimization of health hazards  from pesticides 
Providing health education programs among pesticide users, ensuring that pesticide 
mixtures are not marketed, research into developing appropriate personal protective 
equipment, research into safer spray equipment and safer pesticide containers and 
regularly maintenance and repair of spray equipments, plays a big role in minimizing the 
effect of pesticides on health (Jeyaratam, 1 992). The development of safer methods in 
applying pesticides can be considered as follows: regular washing during any period of 
exposure, wearing light cotton cloth, which is necessary to prevent droplets reaching 
the skin during handling concentrated materials and wearing long sleeved shirts, masks, 
rubber boots and gloves (Cole, 1 988; Wall , 1 993). 
In the laboratory technicians should be careful during the toxicological testing of new 
pesticides not to contaminate the intact skin .  Monitoring and control must be applied 
by governments over the introduction, marketing, distribution and labeling of pesticides 
and the establishment the tolerance levels of pesticide residues in treated crops, to 
prevent food poisoning. Finally proper roles for naturally occurring regulating 
mechanisms must be used (Barnes, 1 976). Recently in Nicaragua the ministry of health 
has prohibited the mixing and loading of pesticides at the airport, also the government 
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has initiated programs to install closed systems and has initiated training programs to 
protect workers (McConnell et aI, 1 990). 
1 . 2. 1 2. The role of international agencies 
World Health Organization (WHO) attempts to control pesticide poisoning by 
emphasis on applied research activities, by providing an intermediary role to assist the 
involvement of agrochemical industries in safety activities, by establishing a commission 
to determine guidelines to safeguard the consumer and to issue certain 
recommendations by the United Nations in 1 962. Furthermore the establishment of 
Codex Maximum Residue Limits (MRL) for pesticides in food and associated with 
Food and Agriculture Organization (F AO) in 1 985 (Jeyaratam, 1 992). WHO and FAO 
recommended the withdrawal of all methyl mercury seed dressings that caused many 
outbreaks from the contamination of human food. 
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1.3. Amino Acids 
1.3.1. Amino Acids 
Amino acids are essent ial compounds for the synthesis of proteins, hormones such as 
thyroxin, epinephrine and serotonin, nitrogenous compounds such as purines and 
pyrimidines, heme and nitrogenous bases of phospholipids (Freedland and Briggs, 
1 980). 
Amino acids, that are ingested from dietary sources are broken down and transported 
to the liver. Some of them are transaminated or deaminated to keto-acids, while others 
are metabolized to urea and ammonia (Laker, 1 996). The highest level of amino acids is 
found in the intestinal tract, liver, pancreas and serum proteins, while the lowest level of 
amino acids in plasma is present in skeletal muscles and in the skin (Bender, 1 975). The 
concentration of plasma amino acids varies during the day by about 30%. The highest 
level of amino acid is shown at mid afternoon, while the lowest level is at early morning 
(Norbert, 1 987; Freedland and Briggs, 1 980) . 
1.3.2. Meta bolism of Amino Acids 
The l iver and kidneys are active in interconvert ing amino acids by transamination and 
deamination (Norbert, 1 987) . Most tissues contain 20 amino acids and all are needed 
for growth and repair (Laker, 1 996). 
Amino acids are classified into two main groups according to the necessity for supply 
from an external source into: 
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a) Essential amino acids that have to be supplied by dietary intake, because endogenous 
synthesis is inadequate to meet normal requirements. These amino acids are Valine , 
Leucine, Isoleucine, Methionine, Threonine, Lysine, Phenylalanine, Histidine and 
Tryptophan 
b) Non-essential amino acids that could be synthesized in the body through various 
metabolic pathways. These are Glycine, AJanine, Serine, Cysteine, Aspartic acid, 
Tyrosine, Glutamine, Glutamic acid, Proline, and Arginine. Some other amino acids 
occur in the body, but are not found in proteins such as ornithine, citrull ine and taurine 
(Henry, 1 984; William, 1 995). 
There is a pair of amino acids, namely serine and glycine. The metabolic pathways of 
these acids are closely related to each other. Serine is formed from the glycolytic 
intermediate 3-phosphoglyceric acid, requiri ng oxidation, transamination and 
dephosphorylation. It is a primary component of many phosphol ipids. Glycine is 
synthesized from senne after removal of its hydroxyl group through the 
transhydroxymethylation process. Glycine is required for synthesis of heme that is 
contained in haemoglobin of blood and in cytochrome system for oxidative 
phosphorylation process (Freedland and B riggs, 1 980). 
Threonine is deaminated non-oxidatively by threonine deaminase or dehydratase 
reaction. Tryptophan is metabolised by a very unstable enzyme tryptophan purrolase, 
having a half-life in vivo of only about 2hr, so that very fine control of the rate of 
tryptophan catabolism can be achieved by regulation of the amount of pyrrolase 
synthesized . The catabolism of proteins containing the two amino acids phenylalanine 
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nd methionine is necessary for the synthesis of tyrosine and cysteine by hydroxylation 
n the liver (Will iam, 1 995 ; Henry 1 984). 
ysteine can produce taurine, to which bile acids are conjugated before excretion. 
roline and arginine can be synthesized from glutamate semialdehyde (GSA), which is 
ormed from glutamate by reduction with nicotinamide adenine dinucleotide-phosphate 
ADPH). Cyclization and reduction of (GSA) forms proline, whereas transamination 
f (GSA) forms ornithine, which can be converted to arginine in the urea cycle 
reedland and Briggs, 1 980). Aromatic amino acids (AAA), such as, phenylalanine, 
yrosine and tryptophan, are metabolized by the liver. Branched chain amino acids 
CAA) such as leucine, isoleucine and valine are excreted by the liver and taken-up by 
he muscles (Will iam, 1 995) . 
. 3.3. Disorders of Amino Acids Meta bolism 
Disorders of amino acid metabolism will result in increased concentration of amino 
cids in blood and their urinary excretion rates (aminoacidurias) (Norbert, 1 987). More 
han fifty hereditary diseases of amino acid metabolism have been described . Most of 
�hem are reported to be in an autosomal recessive mode. These diseases are 
[Uncommon or rare but, when present, they can cause severe mental retardation, fai lure 
ito thrive or some other metabolic abnormalities. 
Arninoacidurias can be classified into the following categories based on their causes: 
1 )  An over-flow aminoaciduria, which shows an increased plasma concentration of one 
or more amino acids, while the kidneys are functioning properly. 
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) Renal aminoaciduria, which is associated with increased urinary excretion of one or 
ore amino acids, while plasma amino acids concentration are nonnaL The defect is in 
he renal tubular mechanism that causes decreased reabsorption of amino acids from 
lomerular filtrate. It is either primary due to hereditary defect in renal tubular 
ransport, e .g, Cystinuria or secondary due to acquired renal tubular disease mostly of 
oxic causes (William, 1 995 ; Norbert, 1 978). 
henylketonuria (PKU) is a result of an inherited deficiency of phenylalanine 
ydroxylase, which is essential for the metabolic conversion of phenylalanine to 
osine. As a result, accumulation of both phenylalanine and phenylpyruvic acid in 
plasma and urine will occur. It is manifested by mental retardation, setzures, eczema 
nd decreased synthesis of melanin resulting in fair skin and blue eyes. 
yrosinemia is due to an inherited defect in melanin synthesis known as albinism. It can 
e classified into tyrosinosis or type I, which is either due to defective free amino acid 
hydrolase, l iver damage or renal tubular failure (Fanconi's Syndrome). The rare type II 
s due to defective tyrosine aminotransferase. Type IT is usually affecting the eyes and 
kin of palms and soles. 
Alkaptonuria results from deficient activity of homogentisic acid oxidase that convert s 
tyrosine to fumarate and acetoacetate. This results in accumulation of homogentisic 
acid in tissues, cells and body fluids. It causes degenerative arthritis, pigmentation of 
cartilage, skeletal, and vascular effects. 
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omocystinuria is due to accumulation of homocystine and methionine in the body 
uid It causes mental retardation, lens dislocation, osteoporosis, ocular, skeletal, 
ascular effects and thromboembolism (Henry, 1 984) .  
ystinuria is the most common in born error in amino acid transport. It is characterized 
y massive urinary excretion of cystine, lysine, arginine and ornithine. Because cystine 
s the least soluble amino acid, its overexertion leads to the formation of renal calculi 
long the urinary tract. Thjs will be complicated by obstruction, infection and renal 
nsufficiency. 
aple syrup unne disease is an inherited defect of the decarboxylase enzyme 
responsible for oxidative decarboxylation of alpha keto acids into acyl coenzyme A 
acyl-eo-A). Tills results in accumulation of branched-chain amino acids and 
orresponding a.-keto acids in blood, urine and cerebrospinal fluid . In affected infants, 
n acute ketoacedosis develops and causes vomiting, lethargy, seizures, coma and 
ental retardation (Norbert, 1 987). 
1.3.4. Factors affecting plasma Amino Acids level 
a) Portal Systemic Encephalopathy with severe liver disease, that causes inrubition 
of the oxidative dearnination of amino acids, results in an increased 
concentrations of aromatic amino acids (phenylalanine, tryptophan and tyrosine) 
and decreased concentrations of branched chain amino acids (leucine, isoleucine 
and valine) (Gary, 1 992). 
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b) Most studies have shown abnormal plasma free amino acid (PF AA) in patients 
with cancer and weight loss (Clarke el aI, 1 978 ;  Ching et ai, 1 984; Norton et aI, 
1 985). There is a decrease in the level of gluconeogenic amino acids such as 
alanine, glycine and threonine in malnourished patients with cancer (Clarke et 
aI, 1 978 ;  Bennegard et ai, 1 984). In small cell lung cancer the plasma 
concentration of glutamic acid, glutamine, aspartic acid, asparagine and arginine 
were found to be increased, while plasma concentrations of ornithine, citrulline 
and methionine were decreased (Russell et ai, 1 98 1 ). In patient with acute 
leukemia, the plasma concentration of alanine, glutamine, histidine, proline, 
threonine and methionine are increased (Rudman et aI, 1 97 1 ) . In patients with 
hepatocellular carcinoma, the plasma concentration of tyrosine, methionine and 
phenylalanine are increased (Kubota et aI, 1 992). 
c) Hemodialysis causes a decrease in the levels of essential amino acid, while the 
non-essential amino acid levels are increased (Ikizler et aI, 1 994). 
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1 .4. Liver Fu nctions and Anoma lies 
1 .4. 1 Liver functions 
The human l iver constitutes about 2 .5% of the total body weight (Gary, 1 992). It is 
formed mainly of two types of cells, the hepatocytes and kupffer's cells, that form 
approximately 60% and 30% of the total liver mass, respectively (Laker, 1 996). The 
liver performs multiple functions that are essential for l ife. It receives, processes and 
stores materials absorbed from the intestine such as amino acids, carbohydrates, fatty 
acids, cholesterol and vitamins. It is also capable of releasing them according to the 
body demands (Gary, 1 992). 
The liver synthesizes multiple plasma proteins such as albumin, alpha- I, alpha-2, beta­
glubulins, clotting factors and transport proteins. It is the main site of detoxification in 
the human body where drugs and toxins are detoxificated then excreted in the bile. The 
Ii er can also synthesize bile acids from cholesterol, that are secreted in the small 
intestine to facilitate dietary fat, emulsification and absorption. Moreover, the l iver 
plays an important role in hormone catabolism and in regulation of plasma hormonal 
levels (Irwin et aI, 1 988) . 
1.4.2. Assessment of liver functions 
The l iver function tests are usually conducted to screen any l iver abnormalities, to 
identify its types and sites, and to predict the prognosis and follow-up of patients with 
liver disorders (William, 1 995; Laker, 1 996). 
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Liver function tests can be classified into the following groups: 
1 - Tests to evaluate the ability of the liver to excrete an endogenous load, e.g, bilirubin, 
bile acids and ammonia, or an exogenous load, e.g, foreign dyes, drugs and galactose 
(Branch, 1 982) .  
2- Tests to evaluate the ability of the liver to synthesize a certain substance, e.g, 
albumin and prothrombin (Corrigan, 1 982). 
3- Tests to evaluate the integrity of the liver hepatocytes, e .g, glutamic oxaloacetic 
transaminases (GOT) and glutamic pyruvic transaminase (GPT), lactate dehydrogenase 
and ornithine carbamoyl transferase, or tests to evaluate bil iary tree impotency, e .g, 
alkaline phosphatase and 5-nucleotides (Baseman and Baker, 1 983 ) .  
4- Special tests to diagnose certain pathological disorders, e .g . ,  tumor markers and 
detection of autoimmune antibodies against the liver itself 
1.4.3. M a nifestations of liver d iseases 
Jaundice caused by bilirubin accumulation in the body is the classical symptom of liver 
affection.  According to the underlying causes, it might be due to conjugated, 
unconjugated or combined hyperbilirubinaemia (Norbert, 1 987; Gary, 1 992; Laker, 
1 996). 
Chronic l iver diseases can be clinically presented by portal hypertension with 
hepatosplenomegaly, bleeding tendency, altered drug metabolism, hormonal imbalance 
and hepatic coma (William, 1 995) .  
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CHAPTER II 
A IM AND OBJECTI VES 
2. A I M  AND OBJECTIVES 
2. 1 .  Aim 
The aim of the present study is to determine the effect of pesticides on farm workers 
and to assess pest icide exposure Additional ly, it was intended to determine the plasma 
level s of amino acids and serum liver enzymes in farm workers in United Arab 
Emirates, then compare the present results with other available published studies. 
2.2.  O bj ectives 
l .  To apply a specifically designed questionnaire to farmers and non-farmers to 
gather information on the nature of their job, socio-demographic data and work 
history. 
2 To identify possible risk factors associated with pesticide conditions which 
cause adverse health effects. 
3 To study the effect of pesticides on plasma amino acid levels in the study of 
farmers and non-farmers 
4.  To investigate significant increases or decreases in serum l iver enzyme levels in 
exposed and non-exposed subjects. 
5. To determine pesticide exposure and the symptoms occurring among exposed 
workers. 
6 .  To identify suitable monitoring criteria for those exposed was to limit the 
extent of damage to their health. 




MA TERIALS AND METHODS 
3. 1 Location 
3. MATERIA L S  AND METHODS 
No study has been conducted to define the epidemiology and characteristics of 
pesticide exposure on farmers and the exact prevalence rate of exposure is not known 
in UAB. The subjects were selected from strata, such as the Department of Preventive 
Medicine in AI-Ain city and the Department of Preventive Medicine in Dubai Emirate 
and from farm areas such as AI-Aweer in Dubai, AI-Dhid in Sharjah and Wadi-Tayba in 
Fujairah in the United Arab Emirates. 
3.2 Study Populat ion and Details 
Male farm workers and non-farm workers were targeted who were attending to the 
Preventive Medicine Department in AI-Ain and Preventive Medicine Department in 
Dubai and also those from farm areas. The study was conducted between May-June 
1 997. The purpose of this survey was explained to the farmers and non-farmers . Those 
who agreed to participate was asked to sign the consent form and the questionnaire was 
applied to them through a qualified nurse investigator. 
3 3 Study Design 
It is vital to obtain an accurate base for considering environmental influences on 
pesticide. This study was based on a matched case-control study of the pesticide 
exposed and non-exposed subject selected from AI-Ain city, Dubai Emirate, Sharjah 
Emirate and Fujairah Emirate which would be representative of the UA.E population. 
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This case-control study consisted of 1 03 cases and 1 05 controls, matched for age, sex 
and nationality. This study was conducted duri ng a period between May-June 1 997. 
This research study was performed by the following two steps: 
a). An epidemiological study: Case- Control study. 
b). Laboratory analysis of plasma amino acids and serum l iver enzymes. 
3.3.1. An epidem iological study 
In this part of the study a brief questionnaire was used to collect information on 
socio-demographic characteri st ics of the target population. The questionnaire was 
administered to males farmers and manual workers attending the Preventive Medicine 
Department in AI-Ain and in Dubai and from farm areas (See Appendix 1 .  
Questionnaire page. 87). 
Case - Control study 
Workers were classified as cases or controls according to the following criteria: Case 
(Exposed) :  This group consisted 1 03 male farm-workers or farm helpers those using 
ferti l izer or exposed to pesticide. 
Controls (unexposed): The 1 05 male were working in  manual jobs, skilled or unskilled 
professional workers, but not in farm or agricultural workers, or similar jobs in urban 
area. A specifically designed questionnaire was applied to the selected farmers and 
manual workers to elicit the required information on the following topics: 
a). questionnaires about socio-demographic data; 
b). work history; 
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c) job practices during the �rk shift; 
d) . patterns of i l l-health and any information on medications taken' ,
e) . dietary habits and life style; 
f). the symptoms occurring among exposed workers; 
Information on the frequency of use of pesticides, use of protective equipment and 
degree of exposure was collected from all cases. Both cases and controls were drawn 
from the same geographic region for controll ing environmental and other geographical 
exposures. 
Pre-tested, verbally administered questionnaires obtained information about SOC10-
demographic characterist ics, work history, occupational pesticide exposure with in a 
week of enrollment. Non-farm workers were questioned about domestic and 
occupational exposure to pesticides. A fairly comprehensive range of symptoms were 
included in the questionnaire. The answers of each participant to the questionnaire were 
checked for completeness by the research assistant. 
3.3.2 .  La boratory ana lysis 
3.4. 1 .  Plasma Amino Acids p rocess and analysis 
Preparation of Sulphosalicylic Acid 50%. 
50 grams (grn) of sulphosalicylic acid powder diluted into 1 00 milli l iters (ml) of buffer 
Lithium-S and stored at 4°C. 
3 rnl of venus blood sample was collected i n  a lithium heparinised bottle and centrifuged 
immediately for five minutes at 2000 rotation per minutes (rpm). 200 microlitres (Ill) of 
the plasma was deproteinised by adding 20 /-tl of sulphosalicylic acid solution (50%) 
and centrifuged at 1 0,000 rpm for 1 0  minutes at + 4 ° C. The supernatant was stored at 
-70 °C until analysis, when it was diluted 1 :  1 with Li-S Beckman buffer along with the 
internal standard. The supernatant was thawed and analysis made for individual free 
amino acids using Spackman, according to the method of Moore and Stein, ion 
exchange chromatography techniques on Beckman 6300 automatic amino acid 
analyzer: A three Li-buffer system is used with a cation exchange resin column l O X 
0 . 4  internal d iametres (I .D) centimetres (cms) at around 1 200 (psi) and at 20 milli l iters 
per hours (ml/hr) buffer flow. The method is based on the post column derivatisation by 
ninhydrin colouring reagent at 1 3 5°C, derivatised amino acids were detected at 570 
nanometres (nrn), while proline and hydroxyproline at 440 nrn (Spackman, 1 958) .  
This analysis was carried out in  the research laboratory of Faculty of Medicine and 
Health Sciences by providing the reagent from the Faculty of Sciences, at the UA.E. 
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University. Al l amino acids were measured by the analyzer. The list of essential amino 
acids are: threonine (Thr); valine (Val); lysine (Lys); methionine (Met); i soleucine (TIe); 
leucine (Leu); histidine (His); phenylalanine (phe) and tryptophan(Try) and the non­
essential amino acids are : serine (Ser); glutamic acid (Glu); glutamine (GIn); proline 
(pro); glycine (Gly)- alanine(Ala); cysteine (Cys); tyrosine (Tyr); arginine (Arg); 
ornithine (Om); taurine (Tau) and citrull ine (Cit). 
3.4.2. Liver Function Tests 
4 ml of venous blood sample was collected in a non-coagulate plain tube ( 1 0  ml) and 
centrifuged at 3 500 rpm.  The serum was stored at -20°C until analysis . 
The standard l iver function tests such as albumin (Alb), total protein (T.P), total 
bi l irubin (T.Bil), alanine aminotransferase (AL T), aspartate aminotransferase (AST), 
l actate dehydrogenase (LDH), alkaline phosphatase (ALP) were analyzed by a 
Boehringer, MannheimlHitachi 9 1 1 Analyzer; a fully automated, computerized, 
discrete, selective, random-access clinical chemistry analyzer with an ion selective 
electrode mode. This system performs a wide range of analyses using both 
potentiometric and photometric assays. All reagents, calibrators and quality control 
materials were supplied by Boehringer Mannheim. This analysis was carried out in 
Dubai and Sha�ah (Kuwait Hospital, laboratories-clinical chemistry departments). 
On Hitachi, 9 1 1 ,  the Total Proteins were estimated by the Biuret method and measured 
at 546 nm, (Weichselbaum et ai, 1 946). Albumin was done by Bromocresol green 
method and measured at 600 nm, (Dumas et ai, 1 97 1 ) .  B il i rubin is coupled with 
diazonium compound then measured at 570 nm (Wahleteld et ai, 1 972). Transaminase 
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was measured potentiometrically at 3 40 nm (Bergrneyer etai, 1 986). Alkaline 
phosphatase was measured by 4-nitrophenyl phosphate method at 405 nm (Expert 
Panel On Enzymes, 1 983) .  Lactate dehydrogenase was measured by the optimized 
standard method, (Anon, 1 970). In the first part of the analysis, employment as a farm­
worker was taken as an indicator of the potential for pesticide exposure. Amino acid 
and liver enzymes levels were examined among farm workers and the comparison 
group of non-farm workers, and their mean amino acid levels and liver enzymes levels 
were compared. 
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3.5. STATI STICAL M ETHODS AND ANALYSIS 
3.5. 1 .  Data Processing 
All data variables were coded, processed and analysed on the IBM computer of the 
Department of Community Medicine, Faculty of Medicine and Health Science at the 
United Arab Emirates University. Data entry was performed using DOS-S Editor. The 
Statistical Software Package SPSS [Statistical Package for Social Science Norusis , , 
1 992] analysis was used for performing all statistical analysis. Also, Harvard Graphic 
Package was utilized for graphing such as bar chart, histogram, line chart and pie chart 
3.5.2. Statistical Methods and Analysis 
The Statistical Packages for Social Sciences [SPSS] ,  Norusis ( 1 992) used for 
uruvariated and multivariate statistical analysis. Data are expressed as mean and 
standard deviation (SD) unless otherwise stated. Chi-square analysis was performed to 
test for differences in the proportion of categorical variables between two or more 
groups. In 2 X 2 tables, the Fisher' s exact test (two-tailed) replaced the chi-square test 
if the assumptions underlying chi-square were violated, namely in case of small sample 
size and where the expected frequency is less than 5 in any of the cells. Student T -test 
was used to ascertain the significance of differences between mean values of two 
continuous variables and Mann-Whitney test was used for non-parametric distribution. 
One-way analysis of variance (ANOV A) was employed for comparison of several 
group means and to determine the presence of significant differences between group 
means of continuos variables. The Spearman rank correlation coefficient was used to 
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evaluate the strength association between two continuos variables. Odds ratio (OR) and 
their 95% confidence interval s (el) was calculated by using Mantel-Haenzel test (EP 1 6  
INFO Version 6). The level p < 0.05 was considered as the cut-off value for 
significance 
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CHAPTER I V  
RESUL TS 
4. P R E S E NTATION OF R E SU LTS 
The study results will be presented as follows: 
A- An Epidemiological Study of Pesticides 
B- Plasma Amino acids 
C- Liver Function Test 
4. 1 Pesticides 
Table 1 .  Shows the characteristics of farmers and non-farmers among the population 
surveyed. As can be seen from this table there was no significant difference between 
farmers and non-fam1ers with respect to age (p = 0 .9707). Fig. l presents the 
percentages of age groups among farmers and non-farmers. Over 40% are between 25 
and 44 years in both groups there was no significant difference in nationality of both 
groups, (p = 0 1 1 628) .  Indian Subcontinental warkers represented the majority among 
farmers (90 . 3%) and non-farmers (82 .9%), (Fig. 2). 
There were statistically significant differences between farmers and non-farmers with 
respect to level of education. While the majority of farmers had no or low level of 
education, (p = 0 .000 1 6), the non-farmers slightly shifted towards a higher level of 
education as can be seen in (Fig. 3 ). Also, Table 1 shows the housing condition among 
farmers and non-farmers. There were very highly statistically significant differences 
between both groups, (p = 0 .000 1 8) .  Fig. 4 shows that most of the farmers are l iving in 
pre-fabricated houses (50 .5%), while non-farmers are l iving in traditional houses or 
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flats (34 3%). With regard to marriage status, the majority in both groups were married 
(80 6%) in farmers and (69.5%) in non-farmers fig. 5. 
Table 2 .  Gives dietary habit and life style among farmers and non-farmers. Indian food 
and Arabic food were favored over western food. Both farmers and non-farmers mostly 
used vegetable  oil (p = 0.026), (Fig. 6). Farmers using (75.7%) of vegetable oil and 
non-farmers using (87 .6%). There was very highly statistically significant differences 
between farmers and non-farmers in washing the harvested product before eating (p = 
0 .00007) whereby in farmers (72.8%) and in non-farmers (45.7%), (Fig. 7). Smoking 
habits in both groups were very similar, fig. 8 .  There was statistically significant 
differences between farmers and non-farmers in drinking alcohol, in farmers ( 1 .9%) and 
non-farmers (9.5%), (p = 0 .0 1 9) .  
Also, Table 2 .  Presents air-conditioning and cooking facilities among farmers and non­
farmers. As can be seen air conditioning was found more in the houses of non farmers 
than in the houses of farmers and there were very highly statistically significant 
d ifferences between both groups, (p = 0 .00 1 46) . The main cooking facilities available 
was kerosene or gas among farmers (97 . 1 %) and non-farmers (93 . 3%) and there was 
no significant difference between both of groups, while cooking with wood fire was 
significantly different among both groups, (p = 0 .027 1 ) . 
Table 3 .  Presents exposure to pesticides usage among farmers and non-farmers. There 
was very highly statistically significant differences between farmers and non-farmers in 
usage of pesticides (p = 0. 000 1 ). Most pesticides were used by farmers, while non-
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fanners use less pesticides in their garden Fig. 9 shows the percentages of spraying 
crops with chemical among fanners and non-fanners. In fanners 60.2% and in non­
fanners 1 4 . 3%, Fig. 1 0  shows the percentages of working in field with chemical odors 
among fanners (70.9%) and non-fanners ( 1 6 .2%). Then Fig. 1 1  gives the percentages 
in mixing pesticides among fanners (60.2%) and non-fanners ( 1 5.2%). 
The majority of fanners reported using boots and masks as the main method of 
protection. There were very highly statistically significant differences between farmers 
and non-farmers, (p = 0 .000 1 ), [(68.9%) in fanners and in non-fanners (28.6%)] .  The 
fanners who were using masks (39 .8%) and non farmers (8.6%), while the majority of 
farmers (60. 2%) reported working in the field and not using masks, also (72.8%) 
reported not using gloves as can be seen in (Table. 4 and Figure. 1 2) .  
Reported symptoms among fanners and non-farmers are presented in Table 5 .  It  will be 
noticed that most symptoms occurred among farmers and non-farmers with significant 
differences Diarrhea was present to about three times among farmers [OR = 2.73,  95% 
CI ( 1 . 1 8-6 29)], (p = 0 .0 1 52), as was nausea/vomiting [OR = 4 . 99, 95% CI ( 1 . 6 1 -
1 5. 3 9)], (p = 0 .0023), rash [OR = 3 . 88, 95% CI ( 1 .66-9.09)], (p = 0 .00 1 0), red/ 
irritated eye! blurred vision [OR = 2 . 30, 95% CI ( 1 . 1 3 -4 . 7 1 )] ,  (p = 0. 0 1 55)], increased 
anxiety [OR = 3 . 48, 95% CI ( 1 . 47-8. 2 1 )], (p = 0 .00289), dizziness [OR = 5. 48, 95% 
CI (2.27- 1 3 . 2 1 )] ,  (p = 0. 000 1 ), headache [OR = 1 . 92, 95% CI ( 1 . 08-3 . 4 1 )] ,  (p = 
0.0238), mascular symptoms [OR = 2.05, 95% CI ( 1 . 1 4-3 . 67)], (p = 0. 0 1 498), memory 
loss [OR = 2.20, 95% CI ( 1 . 88-2. 57)], (p = 0.000 1 ), drowsiness [OR = 5. 79, 95% CI 
( 1 . 62-20. 67)], (p = 0 .00268), fatigue [OR= 3 . 3 3 ,  95% CI ( 1 . 60-6.95)], (p = 0.00089), 
dyspnoea [OR= 5.3 4, 95% CI ( 1 .48- 1 9 . 2 1 )] ,  (p = 0 .0047), insomnia [OR = 3 .78, 95% 
CI ( 1 .68-8 .53 )] ,  (p = 0 .00077) and taste change [OR = 7 .58, 95% CI (0.9 1 -62.77)] , (p 
= 0 02844). 
Table 6 Presents respiratory symptoms among farmers and non-farmers. There were 
statistically significant differences between farmers and non-farmers in most of the 
respiratory symptoms, (p = 0 .00 1 ) . The highest symptoms were cough and cough rise 
up phlegm occurred at night in farmers and in non-farmers. That also has been shown 
in Table 6. In Figures 1 3 - 1 4  the cough was (27.2%) and cough up phlegm was (25.2%) 
in farmers and in non-farmers respectively. The cough rise was (5.7%) and cough rise 
up phlegm was (3 . 8%) respectively in farmers and non-farmers, while the lowest 
symptoms occurred in early morning in both groups. In the morning farmers had cough 
( 1 . 9%) and cough phlegm (3 . 9%), versus in non-farmers cough (6.7%) and cough up 
phlegm (3 . 8%). 
Attacks of breathlessness were commoner in  farmers ( 1 4 .6%) than in non-farmers 
(2.9%), (p = 0 .00268). Also can be seen significant differences among farmers and non­
farmers the sinus infection. In farmers this was present ( 1 5. 5%) and non-farmers 
(6.7%), (p = 0 .04 1 4). Throat d iscomfort in farmers (20. 4%) and in non-farmers (7 .6%), 
(p = 0.0078). Chest wheezing in farmers ( 1 3 . 6%) and non-farmers ( 1 . 9%), (p = 
0 .00 1 56). Asthma in farmers ( 1 7 .5%) and non-farmers (4. 8%), (p = 0 .00346). Eczema 
in farmers (2 1 . 4%) and non-farmers (9 .5%), (P= 0 . 0 1 8) .  
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4.2 Plasma Amino acids 
Table 8. Shows plasma amino acid profiles among farmers and non-farmers. It will be 
observed that most amino acid tests showed higher values among farmers than non­
farmers. There were statistically very highly significant differences between farmers and 
non-farmers with the respect of some amino acids levels as can be seen as follows: 
Taurine (p = 0.000 1 ), (85.80 ± 45.52 Ilmolll, Mean ± S .D), N= 1 03 in farmers and 
(5 1 .78 ± 1 9 .85 IlmoVl, Mean ± S .D) in non-farmers, N= 92. Serine (p = 0 .000 1 ), 
( 1 30.23 ± 30 . 48 Ilmolll Mean ± S .D) in farmers and ( 1 07.08 ± 24. 1 8  Ilmolll, Mean ± 
S .D) in non-farmers, Glutamic acid (p = 0.000 1 ), ( 1 1 0 . 43 ± 45.68 Ilmolll, Mean ± S.D) 
in farmers and (72. 79 ± 26.86 �lmolll) in non-farmers, Glycine (p = 0.000 1 ), (287 .29 ± 
83 .90 IlmoVl, Mean ± S .D) in farmers and Mean ± S .D (243 .96 ± 75.6 1 IlmoVI) in non­
farmers, Histidine Mean ± S .D ( 1 06 .2 1 ± 26.03 IlmoVI) in farmers test group and Mean 
± S .D  (95.68 ± 1 7.93 Ilmolll) in non-farmers control groups, Ornithine Mean ± S.D 
( 1 56.90 ± 52. 1 7  Ilmolll) in farmers and ( 1 05.93 ± 29. 89 IlmoV1) in non-farmers (p = 
0 .00 1 ), Lysine Mean ± S .D ( 1 94 .63 ± 49.72 IlmoV1) in farmers and ( 1 75.22 ± 34.95 
IlmoVl) in non-farmers and (p = 0 .002), and Tryptophan (p = 0.022), Mean ± S.D 
(50.86 ± 1 5.60 IlmoVl) in farmers and in non farmers (46. 54 ± 1 0. 4 3  IlmoVl), Arginine 
(p = 0 .00 1 ), Mean ± S .D (62. 02 ± 24. 1 5) in farmers and (76.20 ± 29. 95) in non-farmers 
and Threonine (p = . 006), Mean ± S .D ( 1 46.96 ± 46. 3 7) among the farmers and in non­
farmers Mean ± S .D ( 1 30. 66 ± 3 4. 80). 
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Table 9. Shows the association between amino acid components. As can be seen from 
this table there is a strong correlation among following amino acids: 
Threonine-Valine (r = 0 . 4493), Threonine-Ornithine (r = 0 .50 1 0), Serine-Threonine (r 
= 0.5693), Serine-Histidine (r = 0.5065), Glutamic acid-Taurine (r = 0.5878), Proline­
Taurine (r = 0 .4560), Glycine-Taurine (r = 0 .5387) Glycine-Threonine (r = 0 .4794), 
Glycine-Serine (r = 0 .4576), Alanine-Taurine (r = 0 . 429 1 ), Alanine-Proline (r = 
0 .5606), Valine-Proline (r = 0 .4385), Valine-Leucine (r = 0 .708 1 ), Valine-Tryptophan 
(r = 0 .4897), Methionine-Threonine (r = 0 .48 1 0), Methionine-Serine (r = 0 .5895), 
Methionine-Leucine (r = 0.6760), Methionine-Tryptophan (r = 0.6 1 1 4), I soleucine­
Serine (r = 0 .4585), I soleucine-Valine (r = 0 .6497), I soleucine-Methionine (r = 
0.6858), Leucine-Threonine (r = 0 .43 1 7), Leucine-Serine (r = 0 .49 1 1 ), Leucine­
I soleucine (r = 0 .9252), Leucine-Tryptophan (r = 0 .6009), Ornithine-Taurine (r = 
0 4085), Ornithine-Serine (r = 0 .6054), Ornithine-Glutamic acid (r = 0.4765), 
Ornithine-Glycine (r = 0 .4406), Ornithine-Leucine (r = 0 .4603), Ornithine-Tryptophan 
(r = 0 .4602), Ornithine-Lysine (r = 0 .5443) ,  Lysine-Therionine (r = 0 .4590), Lysine­
Serine (r = 0 .4863) ,  Lysine-Valine (r = 0 .49 1 8), Lysine-Methionine (r = 0 .5769), 
Lysine-I soleucine (r = 0 .4639), Lysine-Leucine (r = 0 .5735), Lysine-Tryptophan (r = 
0 .6 1 3 2), Lysine-Histidine (r = 0.6472), Histidine-Serine (r = 0 .5085), Histidine­
Methionine (r = 0 .5085), Histidine-I soleucine (r = 0 . 4473 ), Histidine-Leucine (r = 
0.5258), Histidine-Ornithine (r = 0 .5 1 29). 
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Table 1 0 . Shows the association between amino acids components among farmers. 
From this table we can see a strong correlation among the following amino acids: 
Taurine-Glutamic acid (r == 0.5466), Taurine-Glycine (r = 0 .6 1 26), Threonine-Serine (r 
= 0 .5702), Threonine-Glycine (r = 0 .5730), Serine-Glutamine (r == 0.5728), Serine­
Metionine (r = 0 .6052), Valine-Isoleucine (r = 0.656 1 ), Alanine-Val ine (r = 0 .5654), 
Valine-Leucine (r = 0 .7249), Valine-Tryptophan (r = 0 .6278), Valine-Lysine (r = 
0 .5554) Methionine-Leucine (r = 0.6623), Methionine-Phenylalanine (r = 0.6902), 
Methionine-Tryptophan (r = 0.6794), Methionine-Lysine (r = 0.5549), Isoleucine­
Leucine (r = 0.9469), Isoleucine-Phenylalanine (r = 0 .7206), I soleucine-Tryptophan (r 
= 0.6722), Leucine-Phenylalanine (r = 0.7 1 22), Leucine-Tryptophan (r = 0 .6937), 
Leucine-Lysine (r = 0 .5578), Phenylalanine-Tryptophan (r = 0 .6300), Tryptophan­
Ornithine (r = 0 .558 1 ), Lysine-Tryptophan (r = 0.629 1 ), Lysine-Ornithine (r = 
0.0 .6509), Lysine-Histidine (r = 0. 6828). 
4.3 Liver Function Test 
Table 1 1 . Liver function tests were performed on farmers and non-farmers. Similar 
values of Total Protein, Albumin, Total B il i rubin, Aspartate transferase, Alanine 
Transferase and Alkaline Phosphatase were found among farmers and non-farmers. 
There was not any statist ically significant differences between the farmers test group 
and the non-farmers control group except for Lactate Dehydrogenase in farmers 
(373 . 20 ±86 74 ull, Mean ± S .D), N = 98; versus in non-farmers (340.72 ± 87 . 49 u/l, 
Mean ± S .D), N = 98, (p = 0.0 1 0). 
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Ta ble  1 : The characteristics of  farmers and n on-farmers 
among population su rveyed 
Variable Farmer Non farmer P-value 
N= 1 03 (%) N= 1 05 (%) sign ificance 
AKe Kroups 0.97075 
< 25 24123 .3) 23 (2 1 .9) 
25-34 3 4  (3 3 .01 36 (3 4 .3) 
3 5-44 33 J33 . 0) 3 3  (3 1 . 4) 
> 44 1 1  ( 1 0 .7) 1 3 ( 1 2 . 4) 
Nationality 0 . 1 1 628 
Indian Subcontinent 93190.3) 87 (82.9) 
Arab 1 019.7) 1 8  (1 7. 1) 
Education 0.000 1 6  
Illiterate 6316 1 .21 39 (37 . 1) 
Primary 26 (25. 21 27 (25. 7) 
SecondaryJHjgh 1 4  (1 3 .6) 39 (37. 1) 
HousinK condition 0.000 1 8  
Pre-fabric 52150.51 24 (22.9) 
Mud 1 4  (13 . 6) 20 (1 9 .0) 
Flat 28 (27.2) 36 (3 4 .3) 
Villa 9 (8. 7) 25 (23 . 8) 
Nfarital status 0.06554 
S ingle 20Jl 9 .4.1 32 (30 .5) 
Married 83 J80.6) 73 (69. 5) 
40 
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Table 2 :  Dietary ha bits and life style a m ong fa rmers and non-farmers 
Variable Farmer Non Farmers P-value 
N=1 03(%1 N=1 05(%) significance 
Type of f()od 
Arabic food Yes 45 (43 . 7) 5 1  (48 .6) 0 .48008 
No 58 (56 .3)  54 (5 1 .4)  
Indian food Yes 96 (93 .2)  88  (83 .8)  0.03398 
No 7 (6. 8 )  1 7  ( 1 6 .2)  
Western food Yes 1 2  ( I  1 . 7 )  30 (28 .6)  0.00237 
No 9 1  (88 . 3 )  75 (7 1 .4)  
Type of cooking oil used 
Vegetable Yes 78 (75 . 7) 92 (87 .6) 0.02649 
No 25 (24 . 3 )  1 3  ( 1 2 .4) 
Olive Yes 24 (23 . 3 )  40 (3 8 . 1 )  0 .0208 1 
No 79 (76 .7) 65 (6 1 .9 )  
Animal fatibutter Yes 53  (5 1 . 5 )  4 9  (46.7) 0 .48965 
No 50 (48 . 5 )  56 (53 .3 )  
Wa hing harvested product 0.00007 
Yes 75 (72 . 8 )  48 (45 . 7) 
No 28 (27 .2) 57  (54 .3 )  
Smoking cigarette 0.56879 
Never 46 (44 .7)  40 (3 8 . 1 )  
Ex-smoker 26 (25 .2 )  27 (25 .7 )  
Current smoker 3 1  (30. 1 )  3 8  (36.2) 
Drinking alcohol 0.0 1 904 
Yes 2 ( 1 .9 )  10  (9 .5 )  
No 1 0 1  (98 . I )  95 (90.5) 
Having air-conditioning in 
house 
Yes 69 (67.0 )  90  (85 .7)  0 .00 1 46 
No 34 (33 .0)  15  ( 1 4 . 3 )  
Type ofcookin.Kl!!cilities 
E lectrical cooker 
Yes 5 (4 .9) 9 (8 .6) 0 .2932 
No 97 (85 . 1 )  96 (9 1 .4 )  
Kerosene o r  gas 
Yes 1 00 (97. 1 )  98 (93 . 3 )  0 .2057 
No 3 (2 .9) 7 (6 .7)  
Wood 
Yes 1 4  ( 1 3 . 6) 5 (4 . 8 )  0.027 1 
No 89 (86.4) 1 00 (95 .2)  
Charcoal 
Yes 0 1 ( 1 .  0) 0. 3208 
No 1 03 ( l 00.0) 1 04 (99.0) 
Table 3 :  Ex posu re to pest ic ides usage a m ong fa rmers a n d  non-fa rmers 
Variable Farmer Non farmer P-value 
N= 1 03 (%) N= 1 05 (%1 sign ificance 
Spray crops with chemical pesticide 
Yes 62 (60.2) 1 5( 1 4 . 3 )  0 .000 1 
No 41139 .8) 90(85.7) 
working In field with chemical 
odors 
Yes 73 (70 .9) 1 7 ( 1 6 .2) 0 .000 1 
No 30  (29. 1) 88  (83 . 81 
Mi..:dng pesticides 
Yes 62 (60.2) 16 ( 1 5.2) 0 .000 1 
No 4 1  (39.8) 89 {84 . 81 
Table 4 :  P rotective eq uipm ent used a t  w o rk among fa rmers 
and n on-fa rmers 
Type of protection Farmer Non farmer P-value 
N= 1 03 (%) N= 1 0S (%) sign ificance 
Masks 
Yes 4 1  (39 .8)  9 (8 .6) 0.000 1 
No 62 (60.2) 96 i91 .� 
Gloves 
Yes 28 (27.2)  14  ( 1 3 . 3 )  0.0 1 28 
No 75 (72 . 8) 9 1  (86 .7) 
Boots 
Yes 7 1  (68.9) 30  (28 . 6) 0.000 1 
No 32  (3 1 . 1 ) 75 (7 1 .'!} 
Shirts 
Yes 87(84 .5) 82(78 . 1 ) 0.239 
No 1 6(1 5. 5) 23{2 1 . 9) 
Pants 
Yes 78(75.7) 68(64. 8) 0 .08385 
No 23(24 .3) 3 7(35.� 
42 
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Table 5: Repo rted sy m pto ms a m ong fa rmers and non-fa rmers 
SYM PTOMS Farmer Non farmer Odds ratio confidence P-value 
N= 1 03 N= 1 05 interval significance 
Yes (%) Yes i%) 95% CI 
DIARRHEA 2 1  (20 .4) 9 (8 .6) 2 .73 1 . 1 8-6.29 0.0 1 52 
NAUSENVOMITING 1 7  (1 6 . 5) 4 (3 . 8) 4 .99 1 . 6 1 - 1 S . 39  0 .0023 
RASH 2S (24 . 3) 8 (7.6) 3 . 88 1 . 66-9.09 0.00 1 0  
RED/ IRRITATED EYE/ 27 (26.2) 14 ( 1 3 . 3 )  2 . 30  1 . 1 3 -4 . 7 1 0.0 1 S5 
BLURRED VISION 
INCREASED SWEATING 2 1  (20 .4) 1 2 (1 1 . 4) 1 . 98 0 .9 1 -4 .28 0.077 
INCREASED ANXIETY 23 (22 . 3) 8 {7.6) 3 .48 1 . 47-8 . 2 1  0.00289 
DIZZINESS 29 (28 . 2) 7 (6. 7) S . 48 2 .27- 1 3 . 2 1  0 .000 1 
HEADACHE 46 (44 . 7) 3 1 {29. S) 1 .92 1 .08-3 .4 1 0.0238 
MUSCULAR SYNWTOMS 44 (42 . 7) 28 (26 .7) 2 .0S l . 1 4-3 .67 0 .0 1 498 
CHEST PAIN 1 9 (1 8 .4) 1 1  (10. S) 1 . 93 0 .86-4.29 0. 1 0 1 8  
EXCESS IVE 1 4  ( 1 3 . 6) 1 2 ( 1 1 . 4) 1 . 2 1  0 . 53 -2.77 0.637 
S ALIVATION 
DIFFICULTY 1 3  ( 1 2 .6) 1 2 ( 1 1 . 4) 1 . 1 1  0 .48-2 . S8  0 .79 1 4  
BREATHING 
ATAXIA 4 (3 . 9) 2 (1 . 9) 2 .08 0 . 37- 1 l . 6 1  0. 393 
MEMORY LOSS 1 6 (1 5 . 5) 0 2 .20 1 . 88-2 . 57  0.000 1 
DROWSINESS 1 5  (14 .6) 3 (2. 9) 5 . 79 1 .62-20.67 0.00268 
FATIGUE 3 1  (30. 1) 1 2 (1 1 .tU 3 . 3 3  1 . 60-6.95 0.00089 
DYSPNOEA 1 4  ( 1 3 . 6) 312.91 5 . 34  
, 
1 . 48- 1 9.2 1 0. 0047 
INSOMNIA 27 (26 .2) 9 (8 .6) 3 . 78 l . 68-8. 53 0.00077 
TASTE CHANGE 7 (6. 8) 1 1 . 01 7 . S8  0 .9 1 -62.77 0.02844 
FRIABLE NAILS 1 1  ( 1 0. 7) 6 {5 .'Q 1 . 97 0 .70- 5 . S 5  0. 1 9 1 2  J 
Table 6:  Reported respi ratory sym ptoms a mong fa rmers and 
non-fa rm e rs 
Respiratory symptoms Farmer Non farmer P-value 
N= 1 031%) N= 1 05 (%) sign ificance 
Do you have cou/?h 0.00 1 
Never 65163 .11 89 (84.8) 
At night 28J27.2) 6 (5 . 7) 
Early morning 211 .� 7 (6.7) 
During work 817 .8) 3 (2.9) 
Couf!h up phle/?m 0 .00 1 
Never 66{64. 1) 93 (88 .6) 
At night 26125 .21 4 (3 . 8) 
Early morning 4 (3 .9) 4 (3 .8) 
During work 716.8) 4 (3 . 8) 
A ttacks of breathlessness 0.00268 
Yes 1 5  ( 1 4 .6) 3 (2.9) 
No 88  (85 .� 1 02 (97. 1) 
Sinus infection 0.04 1 4  
Yes 1 6  ( 1 5 . 5) 7 (6.7) 
No 87  (84 .5 )  98 (93 . 3) 
Throat discomfort 0.0078 
Yes 2 1  (20.4) 8 (7 .6) 
No 82179.6) 97 (92 .4) 
Chest wheezing 0.00 1 56 
Yes 1 4  ( 1 3 . 6) 29 ( 1 .9) 
No 89 (86 .4) 1 03 (98. 1) 
Asthma diagnosis by doctor 0.00346 
Yes 
No 1 8  ( 1 7 . 5 ) 5 (4 . 8) 
85  (82 . 5) 1 00 (95 . 2) 
Hay fever 0. 1 55 
Yes 1 9 ( 1 8 .4) 1 2 ( 1 1 . 4) 
No 84 (8 1 . 61 93 (88 .6) 
Itchy dry skin rash 0 .324 
Yes 1 2  ( 1 1 . 7) 8 (7.6) 
No 9 1 8831 97 (92.4) 
Eczema 0 .0 1 8  
Yes 22 (2 1 .4) 1 0 (9 . 5) 
No 8 1  (78 .6) 95 (90. 5) 
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Ta ble 7 :  Household a nima ls as possible risk factors associated with 
respiratory symptoms 
House hold pets Farmer Non-Farmer 
N(%) N(%l 
Dog 
Yes 7 (6 .8)  4 (3.8) 
No 96 (93.2) 1 0 1  (96.3) 
Cat 
Yes 44 (42.7)  12  ( 1 1 .4)  
No 59 (57.3) 93 (88.6) 
Bird 
Yes 38 (36.9) 4 (3.8) 
No 65 (63. 1 )  10 1  (96.2) 
Bee 
Yes 1 9  ( 1 8.4 )  3 (2.9) 
No 84 (8 1 .6) 1 02 (97. 1 )  
Cow 
Yes 54 (52.4) 1 2  ( 1 1 .4) 
No 49 (47 .6) 93 (88.61 
45 
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Table 8 :  Plasma a m i n o  acid p rofi les a m ong fa rm e rs and n on-farmers 
Amino Acid Farmers Non- Farmers p-value 
N= } 03 N=92 t-va lue  significance 
Mean ± St. Dev M ean  ± St. Dev 
Con. J,lmol/l Con. J,lmolll 
Histidine 1 06 .2 1 ±26.03 95 .68±1 7.93 3 . 3 3  0 .00 1 
Isoleucine 79. 3 8±2 1 .28 78 .87±1 6.09 0. 1 9  0 .850 
Leucine 1 4 1 .42±34 . 1 8  1 3 S . 73±26.03 1 . 32 0 . 1 89 
Lysine 1 94. 63±49. 72 1 75 . 22±34.95 3 . 1 9  0.002 
Methionine 40.47± 1 2 .06 3 8 .75±7 .43 1 . 22 0.224 
Phenylalanine 68 .60± 1 7 .44 69.45±66. 80 -0. 1 2  0 .908 
Threonjne 1 46 .96±46 .37  1 30 .66±34 .80 2 .80 0.006 
Tryptophan 50 . 86± 1 5 . 60 46.54± 1 0 .43 203 1 0 .022 
Valine 23 1 . 86±63 .07 23 5 . 52±59.87 -0 .4 1 0.679 
Alanine 445 . 3  5± 1  06.67 4 1 8 . 0 1 ±95 .65 1 . 89 0 .06 1 
Arginine 62. 02±24 . 1 5 76.20±29.95 -3 . 52 0.00 1 
Cysteine 32 .2 1 ±9 .54 32 .05±9. 5 1  0 . 1 1  0 .9 1 1 
Citrulline 42. 36±20.40 39 . 3 1 ± 1 1 . 59 1 . 3 0  0. 1 96 
Glutamic acid 1 1 0 .43±45 .68 72. 79±26.86 7. 1 3  0.000 1 
Glutamine 622. 86± 1 39 .85  583 . 89± 1 46 . 50  0 .95 0.346 
Glycine 287.29±83 .90 243 .96±75 .6 1 3 .79 0 .000 1 
Omjthine 1 56.90±52. 1 7  1 05 . 93±29.89 8 . 53  0 .000 1 
Proline 284 .47± 1 1 6 .26 263 . 93±86.04 l .4 1  0. 1 60 
Serine 1 30 .23±3 0.48 1 07. 08±24. 1 8  5 . 87  0 .000 1 
Taurine 8 5 . 80±45 . 52 5 1 . 78± 1 9. 85 6 .52 0 .000 1 
Tyrosine 8 1 .9 1 ±39 .39  75 . 1 4±27. 1 1  1 . 4 1  0. 1 59 
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Table 1 1 :  Serum liver function test among farmers and non-farmers 
Liver Function Test Farmers Non-Farmers p-value 
N=98 N=98 t-value Significance 
M ean ± St. Dev M ean  ± St. Dev 
Total Protein g!1 72.62±3 . 84 72. 70±S .64 -0. 1 2  0 .906 
Albumin gil 46.63±2 .82  46.68±2 . 89 -0 . 1 2  0 .90 1  
Total B i lirubin Ilmo1ll 1 0. 3 9±6.40 1 0 . 82±6 . 38  -0.47 0 .636 
Aspartate Transferase u/1 30 .78±9 .8S  3 1 . 1 0± 1 1 .6 1  -0. 2 1  0 .837 
Alanine Transferase u/1 1 8 .48± 1 0 .98 23 . 1 9±24. 84 - 1 . 7 1  0.089 
Alkaline Phosphatase u/1 9 1 . 80±24. 1 1  9 1 . 4 1 ±27 .32 0. 1 1  0.9 1 6  
Lactate Dehydrogenase u/1 373 .20±86.74 340.72±87 .49 2 . 6 1  0.0 1 0  
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Fig 5 : M ate r i a l  status among fa rmers and 
n o n-fa rmers 
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Fig 6 : Type of cooki ng o i l  used among farmers and 
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Fig 1 4  : P resen ce of ph l eg m  with co ug h among 
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CHAPTER V 
DISCUSSIONS 
5. D I SCUSSION OF RESULTS 
In UA. E  there is substant ial usage of pesticides. The mount of pesticides [ insecticides, 
acaricides and fungicides] used in 1 994 was about 4095 Ton. and in 1 995 it was 3 5 58 
Ton, which indicates a b ig risk effect on the health of the farmers (Ministry of 
Agriculture. Annual Statist ical Report, 1 994- 1 995). 
To our knowledge, this i s  the largest epidemiological and occupational medicine study 
concerning farmworkers exposure to pesticides conducted to date. A community based 
design was chosen to maximize inclusion of morbidity in order to examine the 
biological relation between i l lness, plasma levels of amino acids and serum levels of 
l iver enzymes. The methodological difficulties in the epidemiological study of the health 
of expatriate farmworkers relates primarily to worker transience and workplace 
conditions. 
Most of the farmers were not sure about pest icide exposure. Both groups, farmers and 
non-farmers were demographically similar with regard to age groups, nationality and 
marital status. The majority of farmers (6 l . 2%) were il l iterate, which was the expected 
result. The majority of non-farmers were educated with secondary or high school 
educational certificates. Most farmworkers did not know to what pesticides they may 
be exposed to. 
6-t 
Many farmworkers reported occupational exposure to pesticides 0 ty f . ne pe 0 exposure 
derives from the application of pesticides as (Figure. 9), sixty percent of farmworkers 
reported involvement with spraying crops directly with pesticides or working 
immediately adjacent to the rig following. Spraying within 1 month prior to study 
enrollment, (Figure . 1 0) seventy percent of the subjects reported working in field with 
an obvious chemical smell and sixty percent of farmworkers reported mixing pesticides 
(Figure. 1 1 ) . Also among North Carolina migrant farmworkers it was observe that high 
exposures to spraying directly or in directly ( 1 4 . 1  %) occurred. Working in fields with 
chemical odors took place to 1 3 . 1 %  while mixing or applying pesticides to 3 3 . 3%. The 
reported results by (Ciesielski et aI, 1 994) confirm the present study results. 
Another type of exposure is related to potentially protective behaviors such as using 
masks, gloves, boots, shirt s  or pants (Table 4). This does not differ substantially from 
data reported by a study in North Carolina (Ciesielski et aI, 1 994) among farmers these 
that the prevalence of protective behaviors was higher for those actions directly under 
the workers control . The use of protective clothing such as shirt ( 1 1 %) in cases among 
exposed N = 1 6  and ( 1 4%) cases among unexposed N = 8 and long pants (9%) in cases 
among exposed and ( 1 3%) cases among unexposed, while there was no differences in 
wearing gloves between case among exposed and case among unexposed ( 1 2%) in both 
groups. Such dermal exposure could not be prevented by most the commonly used the 
personal equipment. There were about 72. 8% of the farmers who always washed 
harvested products before consumption, while 27 .2% of the farmers did not wash 
harvested product (Table 2). Similar results were observed in North Carolina where 
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50% of farmers who were exposed to pesticides always washed h t d d arves e pro uce 
before consumption, while 8% of them did not wash harvested products, (Ciesielski et 
aI, 1 994). 
The frequency of chronic symptoms among farmers was examined with respect to 
pest icides, diarrhea (20.4%) nausea/vomiting ( 1 6 .5%), rash (24 .3%), red! irritated eye/ 
blurred vision (26.2%), i ncreased anxiety (22.3%), dizziness (28.2%), headache 
(44 .7%), muscular symptoms (42.7%), memory loss ( 1 5 . 5%), drowsiness ( 1 4 .6%), 
fat igue (30 . 1 %), dyspnoea ( 1 3 .6%) insomnia (26.2%) and taste change (6.8%) were 
significantly associated. Overall 1 4  out of the 20 symptoms had positive associations 
with reported pesticide exposure. 
In Southern New Jersey (Bogden et aI, 1 975) workers experienced symptoms such as 
headaches, dizziness and blurred vision following exposure to organophosphates. 
Similarly results from North Carolina showed on increase in diarrhea (OR = 3 . 1 )  among 
farmers. This is in an agreement with the rate among UAE farmers [diarrhea (OR = 
2 .73)] ,  (Ciesielski et aI, 1 994). Vertigo, anxiety, weakness, tearing, headache, nausea 
and vomiting can be predictors of pest icide exposure, but diarrhea and rash have not 
been considered to result from pesticide exposure (Lang, 1 993). Exposure to 
cholinesterase-inhibiting pest icide produces characteristic biologic effects (Namba, 
1 97 1 ;  Rodnitzky and Levin, 1 975) .  
In the present study, we have found that farmers reported more chronic symptoms and 
respiratory symptoms than non-farmers. Respiratory symptoms such as, asthma, attacks 
of breathlessness and t hroat discomfort could be related to pesticides but also to other 
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risk factors associated with respiratory symptoms such as exposure to b' d cows, cats, Lr s, 
air conditioning and kerosene or gas (Table 2 and Table 7). More recently it was 
reported that the herbicide paraquat can cause lung damage, but organophosphates and 
carbamate can cause asthma attacks (Lang, 1 993). 
As there are no previous published studies on amino acids to compare our results, we 
chose non-farmers as our control .  Plasma amino acid analysis showed higher values in 
fam1er groups than non-farmer groups. This increase was highly significant in some 
amino acids, while not significant in others (Table. 8). Out of 22 amino acids analysed, 
only Histidine, Threonine, Lysine and Tryptophan as essential amino acids and 
Ornithine, Taurine, Glutamic acid, Arginine, Serine and Glycine as non-essential amino 
acids showed significantly higher values in the farmers when compared with the non-
farmers and p-value ranges between p < 0.000 1 as Taurine, Serine, Glutamic acid, 
Glycine and Ornithine and p < 0.022 as in Tryptophan. These increases in the mean 
value of some of the amino acids in farmer groups might be due to exposure to 
pesticides. This might affect the farmers health if they are exposed for a long term and 
could cause renal tubular disease, kidney dysfunction or chronic liver affects. 
Also we have found a very strong association between amino acids components such as 
valine-leucine (r = 0.708 1 )  and isoleucine-leucine (r = 0.9252). Furthermore we 
conducted statistical analysis for correlation among farmers. We have obtained a strong 
association between some amino acid components such as isoleucine-leucine (r = 
0.9469), isoleucine-phenylalanine (r = 0.7206), leucine-lysine (r = 0.5 578), leucine-
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phenylalanine (r = 0.7 1 22). As a result these changes might be related to pesticides that 
could effect the liver or kidneys of farmers. 
Although there is some increase in the mean value of lactate dehydrogenase both results 
for farmers (373 uIl) and non-farmers (340 uIl) are within the normal range of 0-480 
uIl. I think that this increase by around 33 points uIl between the two subjects might be 
due to the exposure of the farmers to the pesticides and this might increase if they were 
exposed for longs periods which might effect the liver and heart. 
Finally, the association between pesticides exposure, plasma amino acids levels and 
l iver enzyme lactate dehydrogenase among farmers and non-farmers was explored. We 
found that the farmers had higher levels than non-farmers. The difference in means was 
statistically significant, but its biological meaning is uncertain. It might be due to 
exposure to pesticides and fertilizer. This is in agreement with earlier studies carried out 
in India which support our findings. Saiyed et ai, 1 992, investigating on the effect of 
pesticide on healthy spraymen showed significant T-wave changes (including inversion) 
in most of the l imb leads and chest leads of the ECG following 5 days exposure to 
methomyl, a carbamate pesticide. The significant changes in plasma cholinesterase and 
lactic dehydrogenase activities were also noticed. In the present study results indicate 
that these changes are probably directly related to methomyl rather than its toxicity 
through cholinesterase i nhibition, but the significance of these changes remains to be 
investigated. 
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Farmers stopped usmg (DDT) and other chlorinated compounds in favour of 
organophosphates, which are actually more toxic, do not persist in the environment . 
Humans are considerably less sensitive to some of these pesticides than are insects due 
to a greater ability to degrade these chemicals enzymatically_ Today, there is great 
interest in genetical ly engineered microbial agents, including the development of pest­




6.  CONCLUSIONS 
The real ities of agricultural work context, the lack of legal protection and severe 
weaknesses in the existing laws, combined with the toxic pesticides that are ubiquitous 
in the farmers' environment, make agricultural work especially hazardous. 
Farmers are exposed to toxic pesticides from many sources: soil in which the crops are 
grown, drift in the air and water from pesticides applied to adjacent fields or to the very 
field in which they are working. Farmers l ive in homes surrounded by fields that are 
heavily and repeatedly sprayed, pesticides are l ikely to be in the irrigation water, which 
many farmers must use for bathing and drinking due to the substandard living quarters 
provided by some employees. Pesticides may contaminate the ground water from which 
they get their drinking water. Farmers are more likely to consume produce very soon 
after harvesting and thus may get more pesticide residues in their food than the general 
public. 
The following conclusions have been drawn from a community based study on farmers 
and non-farmers. This study determined possible exposure and risk factors associated 
with pesticides among farmers. There is evidence that some of the health problems 
which were found-diarrhea, nausea/vomiting, rash, red eye/blurred vision, increased 
anxiety, dizziness, memory loss, fatigue, i nsomnia and dysponea could be related to 
excessive exposure to pesticides. The results showed that farmers had higher 
prevalence of chronic respiratory symptoms than non-farmers. 
o 
A separate analysis of the prevalence of chronic respiratory symptoms by smoking in 
farmers was performed, there were no statistically significant differences in the 
prevalence of chronic respiratory symptoms between smokers and non-smokers. 
Farmers reported more acute symptoms than non-farmers. This study suggested that 
the farmers suffered from an excess of respiratory symptoms including asthma, cough, 
chronic cough and phlegm, chest tightness and abnormal lung function. 
This study showed that the concentration of essential amino acids was increased with 
particular regard to threonine, histidine, lysine and tryptophan, and non-essential amino 
acids such as ornithine, serine, glutamic acid, arginine, glycine and taurine, among 
farmers. These results might be related to pesticides and might have affects on the 
kidneys or liver. Also, we have found a strong association between some amino acid 
components among farmers such as leucine-isoleucine, valine-leucine, phenylalanine­
isoleucine, phenylalanine-leucine. 
The l iver enzymes function of the farmers could be effected, because of exposure to the 
pesticides for a long-term in the field, and we found the activity of Lactate 
Dehydrogenase was higher among farmers than non-farmers. 
We think that the increased concentration of some amino acids and the liver enzyme 
lactate dehydrogenase activity in the farmers was due to a large amount of pesticides 
exposure, which might affect human health and causes kidney dysfunction or chronic 
l iver disease . 
7 1  
The public health task is clear not only must there be more resources and priority 
given to biological monitoring and epidemiological studies of fanners, but also support 
given to the efforts of fanners and fannworkers to make their workplace safer. 
Overall we hope that our data will be useful for the establishment of an occupational 




7. R E CO M M ENDATIONS 
1 .  Educate farmers to take basic preventive measures when using pesticides such as 
masks, gloves , protective glasses and ensure that these measures are made available by 
the farm owner/managers. 
2. Periodic medical screening (free of charge) of farmers to determine presence of 
pest icides complications. 
3 .  Investigate other clinical parameters such as estrogen levels among farmers and non­
farmers. 
4. Arrange medical surveillance of affected farmers in a pesticide-free environment to 
determine if the side effects are reversible. 
5. We strongly recommend that Primary Health Centers (PHC) develop routine 
cholinesterase levels in blood or laboratory routine checkup to improve diagnosis of 
pesticide poisoning and the description of the nature of pesticide related i llness among 
farmers in the population. 
6 Furthermore, farmworker 's  behavior suggests that they are motivated to reduce 
pesticide exposure, but that their abi lity to do so is constrained by occupational 
conditions beyond their control .  
7. It is clear that education and training of farmworkers in handling pesticides in an 
appropriate way and the use of protective equipment are needed to reduce the exposure 
and therefore long term risks to their health. 
8. A government law should be inforced for the l imitation and control of the uses of 
pesticides. 
3 
9 .  Final ly, unfortunately we have been unable to monitor carbamate and 
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Pesticide-Related Health Problems and illness 
among farm-workers in the V.A.E.  
1 .  Study Number : _________ A) .Case [ 1 
2. Age :_ Years 
3. Height:  
4. Weigh t :  




Nationali ty: I ) . I ndian [ ] 
Education: I ) . I lI i terate [ ] 
Marital status : 
2) . Pakistani [ ] 3) . Bengali [ ]  4). Arab [ ] 
2 . Primary [ ] 3).Secondary [ ] 4.HighfUniver. [ ] 
I ) .Si ngle [ ] 2).Married [ ]  
8). Housing condition: I ) .Pre-fabric [ ]  2).Mud [ ]  3 .Flat [ ] 4.Vil la [ ] 
9). Occupation: I ) . Farmers [ ]  2). Non-Farmers [ ] 
1 0) .  How long have you been working i n  your farmer / non-farmer job? Years 
1 1 ) .  What  type of foods do you have usually : 
1 . Arabie foods 
2 . Indian / Pakis IBengali foods 
3.Western foods 
I ) . Yes [ ] 
I ) .Yes [ ] 
I ) . Yes [ ] 
12).  Do you use any of the fol lowing i n  your cooking : 
1 . Vegetable oil  
2.0live oi l  
3 . Animal fat / butter 
13) . Do you always wear : 
1 .shirt / long s leeved shirts 
2 . long pants / dress 
3 .shoes 
4.gloves 
I ) .Yes [ ] 
I ) .Yes [ ] 
I ) .Yes [ 1 
I) .Yes [ ] 
I) .Yes [ ] 
I) .Yes [ ] 
1 ) . Yes [ ] 
14) .  Hand-washing water availability : 1) .Yes [ ] 
1 5) . Do you wash your hands: 
l .Before eating in fields 
2. Before smoking in fields 
1 ) . Yes [ ] 
1) .Yes [ ] 
2) .No [ ] 
2) . No [ ] 
2). No [ ] 
2).No [ ] 
2). No [ 1 
2). No [ ] 
2). No [ ] 
2). No [ ] 
2) . No [ ] 
2) .No [ ] 
2) .No [ ] 
2) .No [ ] 
2) .No [ 1 
88 
3 . Before excretory act i v it y  I ) . Y es [ ] 2) .No [ ] 
1 6) .  Do you a l w ays wa h h arvested product ion : 1 ) .  Yes [ ] 2) .No [ ] 
1 7) .  Have you ever moked cigarette? I ) .Never [ ] 2) .Ex-smoker [ ] 
3.)  Current moker [ 
1 8).  How long have you been moki ng? Years 
1 9) .  
20) .  
2 1 ) .  
22) . 
23). 
H ow many cigarettes do you smoke? 
l . Les than S cigarettes/day 
2 .About 1 12 a packet of  cigarette/day 
3 .About I or more than 1 packet /day 
Do you usual ly drink alcoholic beverages ? 
Do you spray crop with chemica l pesticides 
Do you work in  fields with chemica l  odor ? 
Do you mix or apply pesticides ? 
REPOR TED S YMPTOMS 
I ) .Yes [ 
I ) .Yes [ 
I ) . Yes [ 
I ) .Yes [ 
? I ) .Yes [ 
I ) .Yes [ 
I ) .Yes [ 
24. Do you usually have the fol lowing symgtoms / si2ns : 
I .Diarrhea I ) .Yes [ ] 
2 . Nausea / Vomiting I ) .Yes [ ] 
3 .Rash I ) .Yes [ ] 
4 .Red / irritated eye / Blurred vision I ) . Yes [ ] 
S . Increased sweat ing 1 ) . Yes [ ] 
6 . I ncreased anxiety I ) .Yes [ ] 
7 .Dizziness I ) .Yes [ ] 
8 . Headache I ) .Yes [ ] 
9.Muscular symptoms, [weakness, cramps I ) .Yes [ ] 
t o.Chest pai n  I ) .Yes [ ] 
1 l . Excessive sal ivation I ) . Yes [ 
1 2.Di fficulty breathing I ) . Yes [ 
1 3 . Ataxia 1 ) .Yes [ ] 
I 4 .Memory loss I ) .Yes [ ] 
I S .Drowsiness I ) .Yes [ ] 
I 6.Miosis I ) . Yes [ ] 
1 7.Fatique I ) . Yes [ ] 
I 8 . Dyspnoea I ) . Yes [ ] 
I 9. I nsomnia I ) .Yes [ ] 
] 2).No [ 
] 2).No [ 
] 2).No [ 
] 2) .No [ 
] 2). No [ 
] 2).No [ 
] 2).No [ 
2).No [ ] 
2).No [ ] 
2).No [ ] 
2).No [ ] 
2) .No [ 
2).No [ ] 
2).No [ ] 
2). No [ ] 
2) .No [ ] 
2).No [ ] 
] 2).No [ 
] 2).No [ 
2).No [ ] 
2). No [ ] 
2).No [ ] 
2).No [ ] 
2) .No [ ] 
2).No [ ] 









V A R I ABLE TO ASSESS RECALL BIAS:  
20.  Taste change 
2 1 .  Friable nai l  
RES PIRATORY SYMP TOMS: 
25) . Do you u ually have cough : 
I ) .Yes [ 
1 ) .Yes [ 
2) .No [ ] 
2).No [ ] 
1 .at night 2 .ea rly morning 3.duri ng work 4.after work 
26) . Do you u ual ly have cough up phlegm from your chest : 
1 .at night [ ] 2 .early morning [ ] 3 .during work [ ]  4.after work [ ] 
27) . Did you ever have attacks of breathlessness or tightness in your chest? 1 )  Yes [ ] 
28). Do you often have inu i t is (sinus infection)? 1 ) .  Yes [ ] 
29) . Do you u ual ly have any throat discomfort? 1 ) . Yes [ ] 
2) No [ ] 
2) No [ ] 
2) No [ ] 
30) . Does your chest ever sound wheezi ng? I ) . Yes [ ]  2) No [ ] 
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3 1 ) .  Have you ever been diagnosed a s  having asthma by a doctor a t  a PHC o r  hospital? 
1 ) .  Yes [ ] 2) No [ ] 
32) . I your asthma caused by your work? 1 )  Yes [ ]  2) No [ ] 
33) . Did your asthma start when you changed your job? 1 )  Yes [ ] 2) No [ ] 
34) . Does your asthma improve when you are away from your job? 1 )  Yes [ ] 2) No [ ] 
35) .  D o  you suspect anything at work i s  causing your asthmatic problem ? 1 )  Y es  [ ] 
2) No [ ] 
36) .  Have you ever had attacks of hay fever? (Attacks of sneezing, with running or 
blocked nose, somet i mes with itchy eyes or nose) . 1 ) . Yes [ ] 2) No [ 1 




face, arms, legs? 1 ) . Yes [ 1 2) No [ 
Have you ever had an eczema? I ) .Yes [ 1 
Which household animal(s) do you have? 
I .Dog 1 ) .Yes [ 1 
2 .Cat l ) . Yes [ ] 
3 . Bird I smal l  pets l ) .Yes [ ] 
4 . Bee I wasp I ) . Yes [ ] 
S .Cow I Sheep I goat I ) .Yes [ ] 
Do you have an air-condit ioning in your house? 1 . Yes [ ] 
] 
2) No [ ] 
2) No [ ] 
2) No [ ] 
2) No [ ] 
2) No [ ] 
2) No [ ] 
2) No [ ] 
90 
4 1 ). Environmental factor a ociated wi th  asthma or worsened your asthmatic condition: 
Animal & pets expo ure l . Yes [ ] 2.No[ ] 
Du t l . Yes [ ] 2 .No[ ] 
3 or more person haring 1 bedroom 1 .  Yes [ ] 2 . No[ ] 
Fert i l izer I . Yes [ ] 2 .No[ ] 
Plants / trees / flower 1 .  Yes [ ] 2 . No[ ] 
Synthetic carpets/blanket 1 . Yes [ ] 2 . No[ ] 
Perfume / freshener a i r  spray l . Yes[ ] 2 . No[ ] 
Chemica l  smell or materia ls l . Yes[ ] 2 . No[ ] 
42). Which type of cooking faci l i t ies is used inside your home: 
I .electrica l  cooker l . Yes [ ] 2 . No[ ] 
2 .kerosene or gas l . Yes [ ] 2 .No [ ] 
3.wood 1 . Yes [ ] 2 . No[ ] 
4.charcoa l I . Yes [ ] 2 . No[ ] 
43 . Do you use any protect ion in your occupat ion
? 
I . Mask l .Yes [ ] 2 . No [ ] 
2 . G loves l . Yes [ ] 2 . No[ ] 
3 . Boot 1 . Yes [ ] 2 . No[ ] 
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A ppendix  I I I  
Abbreviations 
GOT Glotamic Oxoacetatic Transaminase 
LDH Laktate Dehydrogenase 
RBC Red Blood Cells 
U. A.E United Arab Emirates 
BC Before C hrist 
DDT Dinitrodiphenyltrichloroethane 
EP A Environmental Protect Agency 
LD50 Lethal Dose of Tox.icity that ki l l  50 percent of the test animals 
WHO World Health Organized 
AChE Acetylcholine Enzyme 
MRL Maximum Residue Limits 
FAD Food and Agriculture Organization 
NADH Nicotinamide Adenine Dinucleotides 
NADPH Nicotinamide Adinie Dinucleotide-Phosphate 
AAA Aromatic Amino Acids 
BCAA Branched Chain Amino Acids 
PKU Phenylketonuria 
gm grams 
ml milil iter 




I . D  internal diametres 
Cm Centimetres 























Cit Citrul line 
Cyt Cysteine 
Alb Albumin 
T .P  Total Protein 
T.Bil Total Bil irubin 
ALT Alanane aminotransferase 
AST Aspartate aminotransferase 
LDH Lactate Dehydrogenase 
ALP Alkal ine Phosphatase 
SD Standard Deviation 
LFT Liver Function Test 
UIL Unit per Litere 
gm/1 gram per l it ere 
C I  Confidence Interval 
r regressIOn 
OR Odd Ratio 
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